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evaluation. An important concern in the valuation of hypothetical health states by members of the general public is the extent to which participants are able to imagine the state with any degree of accuracy 1, 2 and this has been given as one explanation for the divergence between general population values and those from patients 3 . Some advocates of general population values have emphasized the need to elicit informed public values 4 . This paper is concerned with the use of simulation to inform participants about the health states to be valued.
Valuation surveys typically involve presenting participants with verbal descriptions of a set of health states. In many cases these are generic health state descriptions, such as those defined by the EQ-5D, HUI3 or SF-6D 5, 6, 7 .
These descriptions tend to be quite abstract and could fail to provide details about the condition that the participant would have regarded as important in making their valuations. For this reason, researchers have developed more sophisticated approaches to describing the states, such as the use of audiotapes for impaired speech 8 ; or videos of people with disabilities 9 . Whilst these methods may be helpful, they do not actually allow the participant to experience the state for themselves.
This paper presents a study that helps participants experience health states for the condition of Age Related Macular Degeneration (ARMD) using contact lenses to simulate visual impairment. The values from this experiment are then compared to those obtained from patients' TTO and generic preference-based measures.
Background:
ARMD is the leading cause of incurable blindness and visual impairment in industrialised countries 10 . The main effect of ARMD is to reduce the ability to engage in everyday activities that require clear central vision (such as reading, writing, recognising people, driving, watching TV, etc.). Peripheral vision remains unaffected so the disease does not lead to total blindness. ARMD is a common condition that has been shown to impact significantly on a person's Health Related Quality of Life (HRQoL) 11, 12 .
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ARMD is monitored by changes in visual acuity (VA Alternatively we could use patient's own TTO, since these should better reflect the impact of the condition.
These TTO values had a significant relationship to VA in the patient sample 11, 12 Methods:
Sample size and recruitment
One of the primary objectives of this study was to obtain estimates for the mean utility values of three visual states representing different severities of ARMD. The relevant sample size for such a task is determined by the required degree of precision. For this calculation it was assumed that a two sided 95% confidence interval of 0.05 to 0.1 either side of the mean estimate would be sufficient. Given a standard deviation in the TTO valuation of EQ-5D score of approximately 0.25 5 , then a sample size of 75 would be sufficient to achieve a confidence interval either side of the estimate of 0.057. To allow for an attrition rate of 25%, we aimed to recruit 100 subjects to the study.
Ethical approval for this study was obtained through the School of Health and Related Research Ethics
Committee. To recruit a representative sample of the general population of 100, a random sample of 2000 addresses was selected across six postcode areas around Sheffield. Recruits were sent a letter detailing the study, information sheet and pre-qualification questionnaire. Recruits were excluded if they had known ocular pathology, high myopia (>5.00 dioptres spherical equivalent), recent increase in floaters, or any of a number of high risk medical complaints. A further sample of subjects was recruited via "word-of-mouth" from participants who had completed the study. Subjects recruited by this method were household members, friends or work colleagues of study subjects.
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ARMD health states
The ARMD states were produced by a unique method of simulating the visual impairment associated with Prior to inserting the lenses in both eyes of each recruit, an optometrist instilled pilocarpine eye drops into each eye. The purpose was to ensure standardisation of the effect of the contact lenses by constricting the pupil.
Participants were able to familiarise themselves with the effect of each set of lenses on their vision by undertaking five activities of daily living: walking around the room, reading a newspaper, reading a large print book, reading a label on a food tin and watching television. They were questioned about their ability to perform these activities and complete a health status questionnaire prior to being asked to value the state.
Valuation technique
TTO was used to assess participant's valuation of their own state (prior to the lens instillation) and the three ARMD states simulated by the contact lenses. The variant of TTO used in this study was developed by the MVH group at University of York to value the EQ-5D 15 .
Measurements
Baseline assessments (i.e. prior to having contact lenses inserted) included measurements of visual acuity (VA) and contrast sensitivity (CS). LogMAR best corrected distance VA in right and left eyes was measured using the ETDRS chart using the letter-by-letter scoring method. VA results are presented using the LogMAR scale.
Contrast sensitivity was measured binocularly with a Pelli-Robson chart (in log units) by the triplet scoring 7 method at 1-metre distance. Recruits who were unable to score at all on CS were assigned the minimum value on the test (0 log units). If any participant normally wore glasses to correct their vision, they continued to do so for baseline assessment and the simulations with the contact lenses in place.
Participants completed the interviewer administered HUI3 questionnaire at baseline. In addition participants completed selected items from the VF-14 and a TTO of their current health state. Five questions were selected from the VF-14 to be used in this study 16 . These related specifically to the activities of daily living which the subjects were asked to perform for each set of lenses. These items were chosen as it was possible to reproduce the activities in a standard controlled environment in the simulation.
Following the insertion of each lens, participants undertook the 5 activities of daily living and completed the five VF-14 items, HUI3 and TTO of the new simulated health state.
Analysis:
The data used in the analysis have been adjusted for two potential confounders. First the effect of the lenses was removed by excluding all baseline observations (i.e. those values obtained prior to inserting a lens). Each visual state will be affected in a similar manner by the lens (and in some cases the pilocarpine); therefore any differences between states should be due to the impact on visual acuity. The second was a possible ordering effect, such as valuing the mild lens first may give it and subsequent states a lower value than valuing one of the more severe states first. Though the order of the three sets of lenses was randomised, the proportion of patients experiencing the lenses in each order was not exactly equal so it was also necessary to remove the ordering effect in the analysis by defining dummy variables that represent each possible ordering for the lenses. These adjusted TTO values were used in the main results presented in this paper.
The coefficients from the regression model indicate the average differences in utilities between participants receiving lenses in order 1, 2, 3 and other possible combinations of ordering. For example, prior to adjusting for ordering, on average participants receiving lenses in order 1, 3, 2 were 0.0236 utilities lower than those who received it in order 1, 2, 3, so their TTO scores were adjusted upwards by a value of 0.0236 ( 
Results: Participants
A random sample of 2000 people yielded a response from only 77 participants, of which 42 participants attended to complete the interviews. In order to achieve the required sample size, a further 66 were recruited by word of mouth from household members and colleagues of study participants. The background characteristics of the sample reflect this. The mean age of the 108 participants was 32 years (SD=12.5 years), with the oldest being 68 years. Sixty-six percent were in employment at the time of the study and 28% had a university degree. items, where all participants had no problems with the activities. One person had moderate difficulty reading a newspaper or book, and seven had either a little or moderate difficulty reading small print.
Four of the 108 did not proceed to wearing all three sets of custom-made contact lenses. For three recruits, the optometrist was unable to instill the contact lenses due to small eyes, and another withdrew during testing due to a headache caused by the pilocarpine drops.
An OLS linear regression showed that ordering did have a significant impact on utility values (F 6,306 = 3.44, p = 0.003). Therefore, adjustments were made for the ordering effect using the results from the regression analysis.
The results for the six possible orderings of the lenses support the hypothesis that participants who valued the milder state first tended to give lower values overall. It can be seen in Table 1 that orderings without lens 1 first (i.e. the mildest) have positive coefficients compared to a baseline of ordering 1, 2, 3 (Table 1) . 
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The distribution of the 104 participants across the three lenses and the four VA best-seeing eye groups can be seen in Table 2 . A total of 41 participants achieved VA of ≤ 0.30 (≤20/40) despite wearing the lenses. This may be attributable to slippage of the lens, allowing the central opacity to move away from the visual axis. This group is important for estimating the impact of VA on TTO.
For each lens there was a distribution across the VA groups, and the distributions varied in the expected direction with VA. For example, the most severe lens had more participants in the poor VA group. This variation of VA score within each lens type may also have arisen from contact lens slippage (which allowed the visual axis to become uncovered due to eye movement) or incomplete pilocarpine effect, which would have allowed the natural accommodation of the eye to occur. 
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Score by VF-14 item response 
Comparison with patient survey
Mean TTO values by VA group from the general population sample for simulated ARMD states were compared to those obtained from the patient survey using TTO, HUI3 and EQ-5D (Table 5 ). The differences in mean TTO values for simulated states and patient HUI3 were significant for three of the four VA groups. Differences were also significant between TTO values for simulated states and patient own TTO valuations and EQ-5D in two VA groups. An overall test of the differences between the four sources of values was performed by modeling dummy variables for patients' own TTO, HUI3 and EQ-5D (with simulated TTO as the baseline) alongside VA group in a regression model. The patient TTO and HUI3 dummies were found to be significant. and EQ-5D (Table 6 ). Previous modeling of patient TTO and HUI3 data had found age to be a significant covariate 13 , so a further model (Model 2) was fitted to the three utility values with age as an explanatory variable. Estimates shown in bold are significant at t 0.01 SE is standard error
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The estimated coefficients for VA across the models show clear differences between them. The coefficient in the first model for TTO values for simulated states was more than twice the size of the one for HUI3 and over four times the size of the patients' own TTO coefficient and 13 times the coefficient for EQ-5D (which was not significant (P>0.05)). The addition of age increased the differences between the coefficients on VA for the TTO values from simulated ARMD states and for those from patients.
Discussion:
The rationale for this study was that existing generic preference-based measures of health do not adequately capture the impact of ARMD on visual function and its consequences. Even the most appropriate preference-based measure, the HUI3, uses a crude generic description of visual function that does not reflect the specific impact of ARMD on health-related quality of life 12 .
This study developed a unique method of simulating the visual impairment associated with age-related macular degeneration (ARMD) through the use of custom-made contact lenses. For many conditions the use of simulation would be unethical. However, the development of the contact lenses allowed us to reproduce the condition in a convincing way with minimal risk and discomfort. It enabled the study to obtain informed preferences in a way that is rarely achieved in studies using verbal descriptions. A previous study undertaken by Aballéa and Tsuchiya 14 sought to simulate retinopathy using specially prepared spectacles which represented visually impaired health states. They found that the simulation was more effective than written descriptions of health states in allowing participants to imagine themselves with the condition without cognitive overload. However, Aballéa and Tsuchiya 14 allowed their participants to remove the spectacles while completing the valuation questionnaires and so this would have reduced this benefit. Not all participants chose to remove the spectacles. Our contact lens study allowed participants to experience more fully the visual restrictions of ARMD, and by completing the health state valuation whilst still experiencing the effects of the condition our study differs from Aballéa and Tsuchiya 14 . We have shown that it is possible to simulate an eye condition where spectacles would not have been able to reproduce the visual impairment specific to ARMD.
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We acknowledge that the contact lenses, or the pilocarpine, may have had an impact on participants'
valuations of the states, in addition to an impact on vision per se. There was some reported blurring of vision on instillation of the pilocarpine drops and the lenses were uncomfortable for some participants.
The instructions given to participants when completing the health state valuations specifically asked them to ignore the sensation of the contact lens, and any potential slight headache induced by the pilocarpine drops. Nonetheless, participants may be responding to the wearing of lenses rather than simply the impact on their vision. For this reason all baseline assessments were excluded from the analyses. Another concern is that there may have been an ordering effect. Whilst the order of lenses was randomised, those participants who valued a mild state first gave it a lower value than participants who valued a more severe lens first. The TTO values used in the analysis were adjusted for ordering effects.
The results of this study indicate a significant relationship between the visual impairment caused by the lenses, as measured by visual acuity, and TTO values from a general population sample. However, the study sample was not representative of the general population. Given the invasive nature of the task described in the invitation letter, it was difficult to recruit for this study from a cold sample, so it was necessary to supplement with a word of mouth sample. Analysis found no significant impact from the socio-demographic characteristics of the participants and their source of recruitment, but baseline TTO utlity was important. Participants with worse baseline TTO values tended to give lower values to the simulated visual states. This result confirms the findings of Aballéa and Tsuchyia 14 that the background health of a participant can alter their responses to the questions. However, this effect was quite modest compared to VA and only affected a minority in this study.
The argument for using condition specific descriptive systems is that they better reflect the impact of the condition on a patient's quality of life. The use of condition specific measures in economic evaluation has been criticised for failing to achieve the comparability across conditions required to inform resource allocation 18 . Differences between the generic and condition-specific measures may be a result of differences in the methods of valuation rather than their descriptive system. Provided the descriptive system is valued on the same full health -death scale using the same variant of the same valuation technique and a comparable population sample, the valuations should be comparable 19 .
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Therefore any remaining differences in values should be a consequence of the descriptive system.
There is a remaining concern that the value given to ARMD states might depend on other aspects of health arising from co-morbidities. This problem must be weighed against the advantages of having a better description of the impact of the condition (in this case a simulated experience of the state) than offered by the crude visual function scale of the HUI3.
The simulation approach used in this study partly overcomes one explanation for the differences observed between patient and general population valuations that the descriptions provided to the latter tend to be poor 3 . Previous work on this issue has tended to rely on the provision of verbal descriptions to members of the general public, whereas the sample in this study actually experienced the state for a short time before being asked to value it. The difference found between the general population sample and patients' TTO values, particularly for poorer vision states, better reflects actual differences between the samples than previous studies using verbal descriptions.
This study found that ARMD has a major impact on general population TTO health state values.
Differences across four visual health states appear larger than those found for a generic preferencebased measures and patient TTO values. Socio-demographic characteristics were not found to be significant factors in influencing the simulated utility values, though baseline TTO utility values were positively associated with subsequent TTO values for simulated states. For conditions that are difficult to describe and imagine, such as ARMD, simulation methods may offer an important method for obtaining better informed general population preferences.
